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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an auxiliary light 
source in wavelength division multiplex for covering 
many channels with fewer auxiliary light sources at a low 
cost by combining existing parts without using new 
devices, and making a restoring time short. 
SOLUTION: An optical pulse with four or longer 
wavelengths at intervals of equal wavelength to each 
other is generated from a WDM light source by using 
outer modulators EMI to EM4. When a defective light 
source is detected, the remaining wavelengths of the 
normal light sources are combined to generate a four 
light-wave mixed light beam, that includes the 
wavelength of the defective light source. The output 
light equal to the wavelength of the defective light 
source is extracted from the four light-wave mixed light 
beam, and the output light is subjected to injection mode 
locking through a multiple- longitudinal mode oscillation 
laser to cause the light beam to oscillate in a single 
mode. 
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* NOTICES * 

JPO and NCIPI are not responsib|e for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The wavelength division multiplex light source which generates the light pulse of 
wavelength [ each other ] spacing using an external modulator with four or more waves, A means 
to generate 4 light-wave mixing light combining the wavelength of the normal remaining light 
sources so that the wavelength of this failure light source may be included when it detects that 
the failure was encountered in the one light source. The reserve light source for wavelength 
division multiplexes characterized by having the optical filter which takes out an output light 
equal to the wavelength of this failure light source from this 4 light-wave mixing light, and the 
multi-longitudinal-mode oscillation laser which is made to cause injection locking by this output 
light, and carries out a single mode oscillation. 

[Claim 2] The reserve light source for wavelength division multiplexes characterized by using 
Fabry-Perot mold semiconductor laser as this multi-longitudinal-mode oscillation laser in claim 
1. 

[Claim 3] The reserve light source for wavelength division multiplexes characterized by using ring 
resonator mold laser as this multiHongitudinal-mode oscillation laser in claim 1. 
[Claim 4] The reserve light source for wavelength division multiplexes to which the difference of 
the longitudinal mode of this semiconductor laser and the wavelength of this output light poured 
into this laser is characterized by preparing further the wavelength control section which tunes 
this longitudinal mode finely so that it may be settled in the drawing-in range of injection locking 
in claim 2. 

[Claim 5] The reserve light source for wavelength division multiplexes characterized by this 
wavelength control section controlling the refractive index in a resonator by changing the 
temperature of this semiconductor laser in claim 4. 

[Claim 6] The reserve light source for wavelength division multiplexes characterized by 
controlling the refractive index in a resonator when this wavelength control section controls the 
inrush current to this semiconductor laser and changes the carrier consistency in a barrier layer 
in claim 4. 

[Claim 7] The reserve light source for wavelength division multiplexes to which the difference of 
the longitudinal mode of this ring resonator mold laser and the wavelength of this output light 
poured into this laser is characterized by preparing further the wavelength control section which 
tunes this longitudinal mode finely so that it may be settled in the drawing-in range of injection 
locking in claim 3 [claim 8] The reserve light source for wavelength division multiplexes 
characterized by this wavelength control section controlling the refractive index in a resonator 
by changing the temperature of this ring resonator mold laser in claim 7. 

[Claim 9] The reserve light source for wavelength division multiplexes to which this wavelength 
control section was characterized by controlling the ring length of this ring resonator mold laser 
in claim 7. 

[Claim 10] The reserve light source for wavelength division multiplexes to which this generation 
means was characterized by having the 4 light-wave mixing light generation section using semi- 
conductor light amplifier as a nonlinear medium of Miyoshi in claim 1. 

[Claim 11] The reserve light source for wavelength division multiplexes to which this generation 
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means was characterized by having the 4 light-wave mixing light generation section using the 
optical fiber as a nonlinear medium of Miyoshi in claim 1. 

[Claim 1 2] The reserve light source for wavelength division multiplexes to which this generation 
means was characterized by having the 4 light-wave mixing light generation section using 
distribution feedback mold semiconductor laser as a nonlinear medium of Miyoshi in claim 1. 
[Claim 13] The reserve light source for wavelength division multiplexes to which this generation 
means was characterized by having the wavelength selection section which summarizes the 
output light of this wavelength division multiplex light source with an optical multiplexing vessel, 
penetrates two optical filters which set this as desired transmitted wave length, respectively, and 
is given to this 4 light-wave mixing light generation section in either of claims 10, 1 1, and 12. 
[Claim 14] The reserve light source for wavelength division multiplexes characterized by having 
the wavelength selection section which this generation means turns output light of this 
wavelength division multiplex light source as the optical switch according to individual, turns ON 
only the switch of the wavelength of through and a request, respectively, and is given to this 4 
light-wave mixing light generation section in either of claims 10, 11, and 12. 



[Translation done.] 
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1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the reserve light source of the multi-wavelength 
light source (two or more semiconductor laser) used by a light wave length division multiplex 
(WDM : Wavelength Division Multiplexing) transmission system etc. 

[0002] In a current basic system optic fiber communication system, WDM transmission which 
bundles up mass information and can be transmitted into one optical fiber is becoming in use. 
This is a method which realizes mass transmission by putting information on each laser beam 
from which wavelength differs, and multiplexing this. 

[0003] Therefore, mass transmission (hundreds Gb/s) can be realized by increasing the number 
of wavelength (the number of channels) to be used, without gathering the modulation rate (bit 
rate) of each laser by force. Generally the distribution feedback mold semiconductor laser (DFB- 
LD:Distributed Feed-Back LD) excellent in the single longitudinal-mode (single wavelength) 
oscillation is used for the light source of a wavelength division multiplex (it may be hereafter 
called WDM for short) transmission system. The oscillation wavelength of each laser is 
standardized by the International Telecommunications Union (ITU-T), and the wavelength grid 
from which each wavelength spacing is set to about 0.8nm (it is 100GHz spacing at a frequency) 
is set up in current. 

[0004] For this reason, the technique of stabilizing oscillation wavelength is widely used by 
controlling the temperature of installation and laser for the equipment called the wavelength 
locker (wavelength control) module which controls wavelength to a.precision to each light source 
to high degree of accuracy. Moreover, since the advantage of a WDM transmission system is in 
the point which can increase transmission capacity by making the number of channels increase, 
a mass WDM transmission system, such as 32 channels, is examined by recent years. 
[0005] However, if the number of channels increases in this way, the probability for a failure to 
occur in the light source of a certain channel of them during system operation will become high. 
If a failure occurs in the light source, the channel must be turned OFF and it must change to the 
reserve light source. Since the channel which a failure generates cannot be expected, the 
reserve light source which can cover all the WDM wavelength standardized as mentioned above 
is needed. 
[0006] 

[Description of the Prior Art] The conventional reserve light source for WDM is roughly divided, 
and has two types. One of them is equipped with every one spare semiconductor laser LD10, 
LD20, and LD30 and .... every channels Ch [ Chi, Ch2, and ] 3, as shown in drawing 13 . 
[0007] Another newly makes semiconductor laser LD10, LD20, and LD30 and a wavelength 
component equal to the wavelength of .... which prepared the wavelength adjustable reserve light 
source LDS separately to the whole, and was lost according to the failure according to the 
wavelength adjustable reserve light source LDS, as shown in drawing 14 . The former method is 
described first. This method is replaced by another light source with equal oscillation wavelength 
instead of being that light source, when a failure occurs in the light source of a certain channel. 
[0008] However, as mentioned above, the oscillation wavelength of the light source needs to 
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exchange the whole unit including a wavelength locker module in order to have to carry out 
precision control with a wavelength locker. Therefore, every one spare unit will be prepared to all 
channels as a graphic display. 

[0009] Next, the latter approach is described. Although there are various types of the 
wavelength adjustable light sources LDS, some which are generally used widely have two, the 
type (a mechanical cable type and optical) using feedback by (1) diffraction grating etc., and type 
[ using the temperature change of (2) DFB-LD ] **. ^ 
[0010] First, each a mechanical cable type and optical principle is shown in drawing 15 (1) and 
(2) about a type (1). making one end-face 100a of semiconductor laser 100 into areflaxia 
(AR:Anti-Reflection), applying that output light to a diffraction grating 101, and making it reflect 
with a reflecting mirror 102 in the case of this drawing (1) — moreover, the case of this drawing 
(2) makes only a desired wavelength component (this example lambda 3) feed back to laser 100 
again by making it reflect by diffraction-grating 101 the very thing Consequently, laser 100 is 
oscillated on the wavelength of feedback light. 

[0011] Therefore, it will become wavelength adjustable, if the include angle of a diffraction 
grating 101 is changed mechanically, a grid pitch is changed optically or (this drawing (2)) the 
wavelength of feedback light is changed. The wavelength adjustable range of this technique 
amounts to several lOnm. On the other hand, a type (2) is an approach using the oscillation 
wavelength temperature dependence of the DFB semiconductor laser 100, as shown in this 
drawing (3). If the temperature of laser 100 is changed, the refractive index of the laser 100 
interior will change and the cavity length on appearance will change. If cavity length changes, 
oscillation wavelength will also change corresponding to it. 

[0012] Generally, since this dependency is 0.1 nm/deg. extent, considering the temperature proof 
stress of a device, it stops at the adjustable range of about 5-6nm at DFB semiconductor laser. 

[0013] ... 
[Problem(s) to be Solved by the Invention] If the number of channels increases with large- 
capacity-izing of a system when the above-mentioned conventional example is used, a problem 
will arise in respect of being various. First, in the case of the WDM transmission system of 
several ten channels, a huge number of reserve units must be prepared by the method shown in 
drawing 1 3 equipped with every one spare laser for every channel, and it is dramatically 
disadvantageous by the tooth space and both sides of cost. Moreover, in order to exchange a 
reserve unit the whole round head, the point which requires time amount for reinstatement is 
also a problem. 

[0014] Next, in the case of the method using the wavelength adjustable light source, in the 
example, of the mechanical cable type of the optical feedback shown in drawing 15 (1), the 
equipment which carries out precision control of the diffraction grating causes a cost rise. 
Moreover, in order to control an optic mechanically, it is dramatically weak to an oscillation or 
heat fluctuation, and, as for it being in a multi-longitudinal-mode oscillation condition depending 
on the case etc., dependability has many troubles operational stability and over a long period of 
time. 

[0015] On the other hand, in the optical example of the optical feedback shown in this drawing 
(2), although DBR (DistributedBragg Reflector) semiconductor laser is developed, there are 
difficulties, like a price s being high and an oscillation mode jump tend to take place. Moreover, 
since in the case of a multi-channel system it thinks also when the two or more light sources 
break down at a coincidence term, it is necessary to prepare two or more reserve light sources. 
Therefore, since the cost per reserve light source piece is high, system-wide cost will go up. 
[0016] Although it is advantageous in cost if compared with the example which the configuration 
became simple on the other hand in the example using the temperature characteristic shown in 
this drawing (3), and was shown in this drawing (1) and (2) In order to cover the wavelength 
region (for example, wavelength spacing 0.8nmx32ch=25.6nm) of all channels since the adjustable 
range is narrow (about 5-6nm) as mentioned above, two or more reserve light sources which 
operate in each band must be prepared. 

[0017] Therefore, many channels can be covered by the fewest possible reserve light source, 
and a new device is not built, but it can realize in the combination of the existing components 
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(low-cost-izing), and this invention aims at offering the light source for wavelength division 

multiplexes with the short time amount to release complete. 

[0018] 

[Means for Solving the Problem] In order to attain the above-mentioned object, the phenomenon 
called the longitudinal-mode injection locking of multHongitudinal-mode oscillation laser is used 
as the reserve light source for WDM. This phenomenon is indicated by "Intermodal Injection 
Locking of Semiconductor Lasers (injection locking between the modes of semiconductor laser)" 
of LGoldberg and H.F.Taylor and J.F.Weller, Electron.Lett., Vol.2a No.20, pp.809-811, and 1984. 
[0019] This phenomenon oppresses the excessive longitudinal mode and makes a single mode 
oscillation cause on the wavelength of impregnation light by pouring in coherent light with feeble 
single wavelength (single mode) from the exterior of multi-longitudinal-mode laser. At this time, 
only the desired mode can be oscillated among the many longitudinal modes by choosing the 
wavelength of impregnation light suitably. 

[0020] The general example of a configuration of longitudinal-mode injection locking is shown in 
drawing 1 . The feeble light outputted from the single longitudinal-mode laser (master laser: 
oscillation frequency fM) 61 whose oscillation wavelength is stable is poured into the multi- 
longitudinal-mode laser (slave laser center frequency fS) 63 through an optical isolator 62. 
[0021] When it is within limits to which it is most close to the longitudinal-mode oscillation 
frequency (the example of a graphic display wavelength lambda 3) of the master laser 61, and 
frequency difference |fM-fS| of that longitudinal mode and master laser 61 is called a "drawing- 
in range" (generally about about tenGHz) among the many longitudinal modes of the slave laser 
63 at this time, a longitudinal-mode component is drawn in impregnation light (wavelength lambda 
3), and the other many longitudinal modes are oppressed. 

[0022] Consequently, the energy of a repressed multi-longitudihal-mode component shifts to 
oscillation mode, and will be in the condition of a single longitudinal-mode oscillation mostly by 
high peak power. The example of an experimental result is shown in drawing 2 . That oppression 
ratio (power in in the power / repressed mode of the mode which synchronized) becomes large, 
so that impregnation light power is large at this time. 

[0023] Therefore, in order to constitute the reserve light source for WDM by the above principle, 
multi-longitudinal-mode laser with Fabry-Perot mode spacing almost equal to channel spacing 
(frequency spacing) set up by the wavelength grid of WDM is made into the reserve light source, 
and the light source and wavelength which were lost according to the failure should just carry 
out injection locking of this with another equal feeble light 

[0024] However, becoming a problem here is the point how to generate the component poured 
into multi-longitudinal-mode laser (equivalent to a master laser longitudinal-mode component), 
i.e., the wavelength component lost with the failure. In order to cause longitudinal-mode injection 
locking, the power of the component poured in from the exterior does not need to be a high peak 
so much. If the peak power of impregnation light is high, it will draw so much and a range (delta 
frequency with the longitudinal mode by which injection locking is carried out to the impregnation 
light before a synchronization takes place) will only spread. 

[0025] So, in this invention, in order to obtain this lost wavelength component, the phenomenon 
generally called nondegenerate 4 light-wave mixing (it may be called FWM for short below Four 
Wave Mixing:) is used. This phenomenon to "Nonlinear Fiber Optics (nonlinear fiber optics)" of 
CP.Agrawal, ACADEMIC PRESS 1989, and P289-P292 like a publication When two light of 
angular frequency omegal and omega2 is poured into the nonlinear medium 70 of Miyoshi as it is 
known as a nonlinear optical effect of Miyoshi and shown in drawing 3 for example, it is the 
phenomenon in which the 4 light-wave mixing light which contains the new component of 
2omega2-omega1 and 2omega1-omega2 in addition to omegal and omega2 is generated. 
[0026] As mentioned above, in the current WDM transmission system, the wavelength of each 
light source is standardized and the channel spacing is decided to become constant value on a 
frequency. That frequency spacing deltaomega is fixed For example, when a failure occurs in a 
channel Gh3 (frequency = omega 3), If nondegenerate 4 light-wave mixing light (2omega2- 
omegal) is made to generate using the component of a channel Chi (omega 1) and a channel 
Ch2 (omega 2) (however, omega 1<omega2<omega3) 2omega2-omega1=omega2+(omega2- 
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omegaD =omega2+clelta omega=omega 3 It becomes and it becomes possible to obtain the 
component (omega 3) of the channel Ch3 concerning a failure (however, power is small). 
[0027] If the above-mentioned longitudinal-mode injection locking is combined and injection 
locking of the multi-longitudinal-mode laser is carried out to this, it turns out that the reserve 
light source for WDM over the channel of arbitration can be constituted. If the above-mentioned 
configuration is summarized, namely, the reserve light source for wavelength division multiplexes 
concerning this invention The wavelength division multiplex light source which generates the light 
pulse of wavelength [ each other ] spacing using an external modulator with four or more waves, 
A means to generate 4 light-wave mixing light combining the wavelength of the normal remaining 
light sources so that the wavelength of this failure light source may be included when it detects 
that the failure was encountered in the one light source, It is characterized by having the optical 
filter which takes out an output light equal to the wavelength of this failure light source from this 
4 light-wave mixing light, and the multi-longitudinal-mode oscillation laser which is made to 
cause injection locking by this output light, and carries out a single mode oscillation. 
[0028] Therefore, it is not necessary to install each reserve light source in each channel and, 
and the precise wavelength adjustable light source is not required, either. And since wavelength 
control of the light source of the re-frequencies omegal and omega2 is carried out with the 
wavelength locker at the precision, if the 4 light-wave mixing light (omega 3) to generate is also 
stable and injection locking happens, the oscillation wavelength of the reserve light source will 
also be stabilized. 

[0029] Moreover, the combination of the two light sources required in order to obtain 4 light- 
wave mixing component light (channel concerning a failure) will be set to omegan (n is equivalent 
to a channel number), then omegan+k and omegan+2k (k: an integer (except for 0), however the 1 
<=n+2k<= all number of channels) in the frequency of the channel which caused the failure, if it 
generally says. 

[0030] At this time, k-min, then (however, when there is no value which corresponds, 
respectively, it sets with 0) this combination exist forward maximum by k+max among k which 
fulfills conditions, and exist the negative minimum value in all as k+max-k-min. Therefore, what is 
necessary is just to select the combination with which the aforementioned conditions are filled 
out of the light source which remains, when a failure occurs simultaneously in two or more 
channels. 

[0031] For example, it is also possible to generate 3= 2omega4of omega-omegaS 
(omega3<omega4<omega5) using a channel Ch4 (omega 4) and a channel Ch5 (omega 5), and it is 
also possible to generate 3= 2omega5of omega-omega7 using a channel Ch5 (omega 5) and a 
channel Ch7 (omega 7). Moreover, as the above-mentioned multi-longitudinal-mode oscillation 
laser, Fabry-Perot mold semiconductor laser or ring resonator mold laser can be used. 
[0032] Moreover, it is desirable to prepare further the wavelength control section to which the 
difference of the longitudinal mode of the above-mentioned laser and the wavelength of this 
output light poured into this laser tunes this longitudinal mode finely so that it may be settled in 
the drawing-in range of injection locking. This wavelength control section can control the 
refractive index in a resonator by changing the temperature of this semiconductor laser by 
controlling the refractive index in a resonator, or controlling the inrush current to this 
semiconductor laser, and changing the carrier consistency in a barrier layer. 

[0033] Or by changing the temperature of this ring resonator mold laser, the refractive index in a 
resonator is controlled or this wavelength control section can also control the ring length of this 
ring resonator mold laser. Furthermore, the 4 light-wave mixing light generation section using 
semi-conductor light amplifier, an optical fiber, or distribution feedback mold semiconductor laser 
as a nonlinear medium of Miyoshi can be prepared 

[0034] And the output light of this wavelength division multiplex light source can be further 
summarized with an optical multiplexing vessel, and the wavelength selection section which 
penetrates two optical filters which set this as desired transmitted wave length, respectively, 
gives to this 4 light-wave mixing light generation section, or turns output light of this wavelength 
division multiplex light source as the optical switch according to individual, turns ON only the 
switch of the wavelength of through and a request, respectively, and is given to this 4 light-wave 
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mixing light generation section can be prepared. 

[0035] As mentioned above, according to this invention, since the reserve light source can be 
constituted from combination of the existing optical devices, such as semi-conductor light 
amplifier and an optical fiber, as multi-longitudinal-mode laser as Fabry-Perot mold 
semiconductor laser, ring laser, and a nonlinear medium, low cost-ization is realizable. 
[0036] Moreover, for a certain reason, the wavelength range where longitudinal-mode injection 
locking happens has about at least 20nm of merits that all WDM channels can be covered only by 
the one reserve light source, by general AIGaAs or InGaAsP semiconductor laser. Furthermore, 
since optical phenomena are used for the change to the reserve light source, the advantage that 
a change can be done comparatively quickly is also acquired. 
[0037] 

[Embodiment of the Invention] The example of the reserve light source for wavelength division 
multiplexes concerning above-mentioned this invention is explained below with reference to 
drawing. Drawing 4 (1) shows the whole example configuration of this invention, this example — 
the WDM light source LS, the wavelength selection section 1, the FWM light generation section 
2, a filter 3, the reserve light source section 4. the wavelength control section 5, and the 
modulation section 6 — ** — it is constituted. 

[0038] The WDM light source LS is used as four or more channels, and it has the structure 
which modulates the output light of semiconductor laser LD1-LD4 by external modulators EM1- 
EM4, respectively. Here, the case where a failure occurs in semiconductor laser LD3 (wavelength 
lambda 3) is considered. This is inputted into the wavelength selection section 1 as a part of 
output light (direct-current light) of each semiconductor laser LD is shown in ejection and this 
drawing (2). Here, in order to obtain a part for 4 light-wave mixing (FWM) Mitsunari equivalent to 
wavelength lambda 3, only the component of semiconductor laser LD1 and LD2 is penetrated 
[0039] Next, these transmitted lights are inputted into the 4 light-wave mixing (FWM) light 
generation section 2, the FWM light equivalent to wavelength lambda 3 is generated, and only the 
component of this wavelength lambda 3 is started with a filter 3. That is, when it detects that 
the failure was encountered in the one light source in the WDM light source LS, a means 10 to 
generate FWM light combining the wavelength of the normal remaining light sources so that the 
wavelength of this failure light source may be included consists of the wavelength selection 
section 1 and the FWM light generation section 2. 

[0040] The component of this wavelength lambda 3 is poured into the reserve light source 
section 4 with multiHongitudinal-mode laser, and longitudinal-mode injection locking is made to 
cause. However, if mode spacing of multi-longitudinal-mode laser is set to deltaf and grid 
wavelength spacing of WDM is set to deltalvv at this time, deltafw = n-delta f (n: forward integer) 
shall be filled. 

[0041] Consequently, the output of the reserve light source section 4 becomes only the single 
mode component of wavelength lambda 3 mostly. After inputting this into the modulation section 
6 corresponding to an external modulator EM 3 and putting a signal on the last, it has 
composition transmitted to a transmission line. However, in order to perform injection locking 
certainly, it is desirable [ the reserve light source section 4 ] to carry out feedback control of 
the output light by the wavelength control section 5 generally called a wavelength locker so that 
it may mention later. 

[0042] Next, drawing 5 explains the wavelength selection section 1 first as an example for every 
block shown in drawing 4 . In the example of this drawing (1), the optical filter is used, the output 
light (wavelength lambda 1-lambdan) from each light source is multiplexed to one by the array 
waveguide 11, and after branching to two with an optical multiplexer/demultiplexer 12, it lets this 
pass to the respectively different optical filters 13 and 14. 

[0043] The transmitted wave length of each filters 13 and 14 is changed by the controllers 15 
and 1 6 which receive the failure detection signal of each light source, respectively, and it sets up 
so that only two desired wavelength (it is wavelength lambdal and Iambda2 at the example of 
drawing 4 ) may penetrate. Finally these are multiplexed with the optical 

multiplexer/demultiplexer 17. In the example of this drawing (2), the optical switch is used, only 
the switch of desired wavelength is turned ON for an optical switch 18 (181-1 8n) at output light 
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(wavelength lambdalHambdan) based on installation and a failure detection signal, respectively 
from each light source, and it is multiplexing with the optical multiplexing vessel 19. 
[0044] Next, drawing 6 explains the example of the FWM light generation section 2. The example 
of a configuration at the time of using semi-conductor light amplifier (SOA) is first shown in this 
drawing (1) as a nonlinear medium. Incidence of the output light from the wavelength selection 
section 1 is carried out to the semi-conductor light amplifier 22 through an optical isolator (OI) 
21. An optical isolator 21 is for making it the natural magnification bleedoff light from the semi- 
conductor light amplifier 22 not leak to the preceding paragraph. 

[0045] Again through the light by which outgoing radiation was carried out, it outputs to an 
optical isolator 23 from the semi-conductor light amplifier 22. An optical isolator 23 is for 
preventing the excessive reflected light from the output side of this FWM light generation 
section 2 etc. carrying out incidence to the semi-conductor light amplifier 22, and this carrying 
out instability actuation. As a nonlinear medium, the example at the time of using an optical fiber 
is shown in this drawing (2). Incidence of the output light from the wavelength selection section 1 
is carried out to an optical fiber 24 through an optical isolator (01) 21. An optical isolator 21 is 
for making it the reflected light in an optical fiber 24 not leak to the preceding paragraph. It lets 
again the light by which outgoing radiation was carried out from the optical fiber 24 pass to an 
optical isolator 23. An optical isolator 23 is for the excessive reflected light from the output side 
of the FWM light generation section 2 etc. preventing carrying out incidence to an optical fiber 
24. 

[0046] As a nonlinear medium, the example at the time of using distribution feedback mold 
semiconductor laser (DFB-LD) further is shown in this drawing (3). Incidence of the light from 
the wavelength selection section 1 is carried out from the monitor end face of the DFB 
semiconductor laser 25 through an optical isolator 21. An optical isolator 21 is for making it the 
oscillation component and natural magnification bleedoff light of the DFB semiconductor laser 25 
not leak to the preceding paragraph. 

[0047] It lets again the light which came out from the outgoing radiation edge of the DFB 
semiconductor laser 25 pass to an optical isolator 23. An optical isolator 23 is for preventing the 
excessive reflected light from the output side of the FWM light generation section 2 etc. carrying 
out incidence to the DFB semiconductor laser 25, and this carrying out instability actuation. 
However, in the case of this example, the oscillation wavelength of the DFB semiconductor laser 
25 is not in agreement, serves as master laser as this DFB semiconductor laser 25 shows to 
drawing 1 , and does not carry out longitudinal-mode injection locking of the reserve light source 
section 4 to the longitudinal mode of the latter reserve light source section 4. 
[0048] Next, drawing 7 explains the example of the reserve light source section 4. The example 
of a configuration at the time of using Fabry-Perot semiconductor laser (FP-LD) for the reserve 
light source section 4 is shown in this drawing (1). Incidence of the output light from a filter 3 is 
carried out from the monitor end face of the FP semiconductor laser 42 through an optical 
isolator (01) 41. An optical isolator 41 is for making it the oscillation component and natural 
magnification bleedoff light of the FP semiconductor laser 42 not leak to the preceding 
paragraph. 

[0049] It lets again the light which came out from the outgoing radiation edge of the FP 
semiconductor laser 42 pass to an optical isolator 43. An optical isolator 43 is for preventing the 
excessive reflected light from the output side of the reserve light source section 4 etc. carrying 
out incidence to the FP semiconductor laser 42, and this carrying out instability actuation. The 
example of a configuration at the time of using ring laser for the reserve light source section 4 is 
shown in this drawing (2). Although there are a fiber type and a waveguide type of ring laser 44, 
the waveguide type which can shorten cavity length comparatively here is used. 
[0050] Incidence of the output light from a filter 3 is carried out from one port A of ring laser 44 
through an optical isolator (OI) 41. An optical isolator 45 is for making it the oscillation 
component and natural magnification bleedoff light of ring laser 44 not leak to the preceding 
paragraph. By inserting an optical isolator 45 into ring laser 44, it prevents light's advancing 
bidirectionally and carrying out instability actuation of the inside of a ring 46. It lets again the 
light which came out from the port B of another side of ring laser 44 pass to an optical isolator 
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42. An optical isolator 42 is for preventing the excessive reflected light from the output side of 
the reserve light source section 4 etc. carrying out incidence to ring laser 44, and this carrying 
out instability actuation. 

[0051] Next, drawing 8 explains the example of the wavelength control section 5. The wavelength 
control section 5 gives the error which a part of output light of the reserve light source section 
4 was inputted into ejection, it inputted this into the wavelength error detecting element 51, and 
was detected to the reserve light source section 4 as a wavelength control signal by the error 
signal-processing section 52, and performs feedback control. Setting-out wavelength of a 
wavelength locker is made into one of WDM grid wavelength at this time. 
[0052] Consequently, the wavelength of each longitudinal mode of the reserve light source 
section (multiHongitudinal-mode laser) 4 satisfies all WDM grid wavelength at least. Here, when 
the reserve light source section 4 is FP semiconductor laser (refer to drawing 7 (1)), if a 
refractive index is changed by controlling the temperature of semiconductor laser 42 and the 
cavity length on appearance is changed as shown in drawing 9 , oscillation wavelength can be 
tuned finely. Therefore, what is necessary is to use the detecting signal from installation and the 
wavelength locker 5 for the reserve light source section 4, and just to carry out temperature 
control of Peltier device 48 to it 

[0053] Moreover, when the reserve light source section 4 is FP semiconductor laser, as shown in 
drawing 10 , the inrush current (carrier consistency inside a semiconductor laser barrier layer) to 
semiconductor laser can be controlled, a refractive index can be changed, and oscillation 
wavelength can also be finely tuned by changing the cavity length on appearance. Therefore, 
what is necessary is just to control an inrush current by this example using the detecting signal 
from the wavelength locker 5. 

[0054] Moreover, if cavity length is changed by controlling the temperature of ring laser 44 as 
shown in drawing 1 1 when the reserve light source section 4 is ring laser (refer to drawing 7 (2)). 
oscillation wavelength can be tuned finely. Therefore, what is necessary is to use the detecting 
signal from installation and the wavelength locker 5 for the reserve light source section 4, and 
just to carry out temperature control of Peltier device 48 to it. 

[0055] Furthermore, if the cavity length of ring laser 44 is mechanically controlled to be shown in 
drawing 1 2 when the reserve light source section 4 is ring laser, oscillation wavelength can be 
tuned finely. Therefore, what is necessary is to insert the optical delay machine (delay line) 49 
into the ring of ring laser 44, and just to control this mechanically using the detecting signal from 
the wavelength locker 5. 
[0056] 

[Effect of the Invention] As explained above, according to the reserve light source for 
wavelength division multiplexes concerning this invention The WDM light source generates the 
light pulse of wavelength [ each other ] spacing using an external modulator with four or more 
waves. When it detects that the failure was encountered in the one light source, 4 light-wave 
mixing light is generated combining the wavelength of the normal remaining light sources so that 
the wavelength of this failure light source may be included. Since it constituted so that injection 
locking might be made to cause by this output light and the single mode oscillation of the output 
light equal to the wavelength of this failure light source might be carried out from this 4 light- 
wave mixing light by the multi-longitudinal-mode oscillation laser as ejection and the reserve 
light source A WDM light source channel can be covered only by combining the one reserve light 
source and the existing components, and the reserve light source for WDM with the short 
release time is acquired by low cost. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the principle explanatory view of longitudinal-mode injection locking used for the 
reserve light source for wavelength division multiplexes concerning this invention. 
[Drawing 2] It is the graphical representation having shown the example of measurement used 
for the reserve light source for wavelength division multiplexes concerning this invention. 
[Drawing 3] It is the principle explanatory view of nondegenerate 4 light-wave mixing (FWM) used 
for the reserve light source for wavelength division multiplexes concerning this invention. 
[Drawing 4] It is the whole block diagram showing the example of the reserve light source for 
wavelength division multiplexes concerning this invention. 

[Drawing 5] It is the block diagram showing the example of the wavelength selection section 
used for the reserve light source for wavelength division multiplexes concerning this invention. 
[Drawing 6] It is the block diagram showing the example of the FWM light generation section 
used for the reserve light source for wavelength division multiplexes concerning this invention. 
[Drawing 7] It is the block diagram showing the example of the reserve light source section used 
for the reserve light source for wavelength division multiplexes concerning this invention, 
[Drawing 8] It is the block diagram showing the example of the wavelength control section used 
for the reserve light source for wavelength division multiplexes concerning this invention. 
[Drawing 9] It is the block diagram showing the example in the case of controlling the 
temperature of the Fabry-Perot mold semiconductor laser in the reserve light source section 
used for the reserve light source for wavelength division multiplexes concerning this invention. 
[Drawing 10] It is the block diagram showing the example in the case of controlling the inrush 
current to the Fabry-Perot mold semiconductor laser in the reserve light source section used 
for the reserve light source for wavelength division multiplexes concerning this invention. 
[Drawing 11] It is the block diagram showing the example in the case of controlling the 
temperature of the ring laser in the reserve light source section used for the reserve light 
source for wavelength division multiplexes concerning this invention. 

[Drawing 12] It is the block diagram showing the example in the case of controlling the ring 
length of the ring laser in the reserve light source section used for the reserve light source for 
wavelength division multiplexes concerning this invention. 

[Drawing 13] It is the block diagram showing the conventional example for wavelength division 
multiplexes of the reserve light source (1). 

[Drawing 14] It is the block diagram showing the conventional example for wavelength division 
multiplexes of the reserve light source (2). 

[Drawing 15] It is the block diagram having shown the wavelength adjustable method in the 
conventional example for wavelength division multiplexes of the reserve light source (2). 
[Description of Notations] 

LS Wavelength division multiplex (WDM) light source 
LD1-LD4 Semiconductor laser 
EM1-EM4 External modulator 

1 Wavelength Selection Section 

2 4 Light-Wave Mixing (FWM) Light Generation Machine 
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3 Filter 

4 Reserve Light Source Section (Multi-Longitudinal-Mode Oscillation Laser) 

5 Wavelength Control Section 

6 Modulation Section 

1 1 Array Mold Waveguide 

1'2 1 9 Optical multiplexing machine 

13 14 Optical filter 

15 16 Controller 

17 Optical Separator 

18 (181-18n) Optical switch 

21, 23, 41, 43, 45 Optical isolator 
22 Semi-conductor Amplifier 

24 Optical Fiber 

25 Distribution Feedback Mold Semiconductor Laser 
42 Fabry-Perot Mold Semiconductor Laser 

44 Ring Laser 

46 Ring 

47 Optical Multiplexer/demultiplexer 

48 Peltier Device 

49 Optical Delay Machine 

51 Wavelength Error Detector 

52 Error Signal-Processing Section 

The same sign shows the same or a considerable part among drawing. 
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